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practise as a side issue so that he can afford the sacri
fice of teaching. 

One more thing that the institution should not do 
if it would preserve the respect necessary to inculcate 
character in the youth is to carry on commercial re
search or similar work where the facilities of the school 
become the source of private profit to outside indi
viduals or to the investigator inside the school. Par
ticularly is this true of institutions supported directly 
by the state. Wide open publicity as to the result of 
all investigations and payment made by the client to the 
school and by the school to the investigator is the only 
safe course to keep the atmosphere clear and conducive 
to the best ethical ideals which make for character. 

As to the instructor, it is realized his personality and 
his attitude to his work are the greatest single element 
in the training of his students in all ways. One of our 
great men has said that his idea of a university was a 
log with a student sitting on one end and Mark Hop
kins sitting on the other. To be a great success the 
instructor must be many things which are achieved 
only after a struggle with human nature. He must be 
unselfish and self sacrificing. He must be so sure 
that the building of men is the greatest profession in 
the world that he will be willing to accept his salary as 
a teacher and bend his entire energies toward becoming 
the best possible teacher of engineering. While he has 

himself practised engineering, he must limit his out
side consulting work to an amount necessary to keep 
his hand in and to serve as texts for his lectures and 
laboratory work and not use it as a primary means of 
subsistence. He must be vitally interested in young 
men and interested in all their phases and problems, 
capable of advising on human questions of all sorts. 
He must establish a personal contact that exists be
yond the class room and he must use that contact to 
instill the fundamentals of character while he instills 
the fundamentals of mathematics and other subjects 
in the curriculum. 

If the school is right and the instructor is right and 
the student does his part, we shall have an outstanding 
race of engineers whose word is good as their bond, 
who bring to their work an enthusiasm that glorifies 
both the work and the worker, who accept praise 
and blame with a level head and a steady hand, who 
take suggestions and ideas from the humblest sources 
and develop them into real engineering, who give 
credit where credit is due, who carry their message to 
Garcia and hang on to the job till it's done, who worry 
more about the work they are doing than the pay they 
are getting, who know that a "man's a man for a' that 
and a' that," and whose personal conception of char
acter blooms into two great requisites for human 
happiness—good health and the spirit of service. 

Some Suggestions Concerning the College Education of 
an Engineer 
BY CARL HERING 

Fellow, A. I. E. E. 
Consulting Electrical Engineer, Philadelphia, Pa. 

The author considers the first requisite of college training to be a thorough drilling in the fundamentals in physics. 
A student who is well grounded in the fundamentals is in the best position subsequently to acquire a knowledge of details. 

The student's most useful tool to work with is mathematics, but this should be taught to engineers by one ivho con
siders it an engineer's tool, and not a source of amusement. All the mathematical results should convey as clear a quan
titative meaning to the engineer as numbers do when they represent an amount of money. 

A third requisite is the use of mental exercises to develop mental strength. The student should be disciplined by 
mental exercises in the form of problems which should have some practical significance, so as to show the utility of the 
mental process, thereby developing interest. 

Today is the era of specialists; even electrical engineering, as one subdivision of engineering, is again subdivided 
into so many branches that a student should either make a choice between them, at least in his last college year, or take 
a special post-graduate course. Different colleges would do well to specialize on different subjects, especially in their 
post-graduate courses. The writer has urged that at a time when a student must choose his vocation he has little knowl
edge of what his choice involves, and it is suggested that the regular college courses should include lectures describing 
the different vocations, the nature of the work involved, in each of them, and the prospects of advancement, salaries, etc. 
Success in teaching can be measured by the interest that the teaching can develop in the minds of the students. 

It is a mistake to keep the able students back to the level of the poorest in the class. The brightest students should 
be given every possible opportunity to advance. 

THE college education of an engineer should be 
considered to be analogous to the foundations of a 
building on which a superstructure is subsequently 

to be erected, rather than to the superstructure. When 
a foundation is bed rock, it will support any super
structure that may later be decided upon. 

The foundations of an engineering education are . 

the fundamentals in physics, that is, the laws of nature 
concerning matter and energy in their various 
forms, just as the addition and multiplication tables 
are the foundations of arithmetic. A profound 
and thorough drilling in these fundamentals and how 
to use them should, therefore, be the first and most 
important requisite; they should be so thoroughly 
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grounded in the mind of the student that they become 
almost an intuition, involving little effort of mind to 
deal with them, and an almost instinctive revulsion 
against their violations. An intuition is well defined 
as "instinctive knowledge of the relations or conse
quences of ideas, facts, or actions." As in a building, 
the foundation is the least conspicuous part in the final 
product, but it is the part on which the stability of the 
whole superstructure depends. In a choice between 
the two, a student well grounded in the fundamentals 
but with less instruction in the superstructures like 
specialities, professor's hobbies, details and refine
ments, will unquestionably become a greater engineer 
than when the amounts of these two kinds of instruc
tion are reversed. To one who is well grounded in the 
fundamentals the subsequent acquirement of the 
knowledge of details and refinements, even if after leaving 
college, will be a far easier matter than under the re
verse conditions. 

While these fundamentals are the most useful mate
rials for his work, his most useful tool to work with is 
mathematics, not pure mathematics but applied 
mathematics. As a reliable means to arrive at a 
useful end quickly and directly, it is a most wonderful 
tool, generally a far better one than arithmetic, but its 
use as a mere means of entertainment should be left 
to the mathematicians. It should be taught to engi
neers by one who considers it an engineer's tool, a 
utility, and not a mere source of amusement. All 
numbers and their decimal points obtained mathe
matically should convey as clear a quantitative mean
ing to the engineer as they surely do when they repre
sent an amount of money. 

Another important factor in the education of an 
engineer is mental exercise to develop mental strength. 
When we lift a weight in the gymnasium it is not be
cause there is any useful result in that weight being 
put on a higher level, but it is to strengthen our muscles. 
Similarly the mental strength of a student should be 
developed and disciplined by plenty of mental exer
cises, say in the form of problems, which should by 
all means have some practical significance so as to 
show the utility of the mental process, thereby develop
ing interest; he should be taught to think and reason 
correctly and not merely have his memory crammed 
with words and facts as in the teaching of a monkey 
or parrot. A strong, well trained mind can subse
quently absorb details with great ease, with the addi
tional advantages that it can distinguish between the 
wheat and the chaff, and is not so easily misled. The 
great mass of engineering facts and data are better 
preserved in books of reference than in ones brain, 
which can be made better use of for correct reasoning. 
Generally a brain is not entirely a vacant space to 
be filled by college professors, but is rather like a muscle 
which is to be trained by them to do skilful work. 

Knowledge has made such vast strides that in a four 
years' course it is today physically impossible to teach 

and mentally impossible to learn, all that it would be 
of benefit to know. The present is the era of specialists; 
a Jack of all trades is a master of none; better let a 
trained financier do the financing, a trained engineer 
the constructing and a trained salesman the selling. 
It is imperative, therefore, to make a choice; in general 
the first choice in an education is that between utility 
and what might be called polish or ornamental educa
tion. Formerly, and in some colleges of today, par
ticularly those for girls, the latter is the main goal. 
Having chosen utility the next choice is between science 
and the other learned and useful professions; science 
and financiering do not always mix well, their standards 
of morals sometimes differ. In science there are many 
further subdivisions one of which is engineering, which 
again is subdivided into branches. Even electrical 
engineering, as one of these, has so many subdivisions 
which have little more than the fundamentals in 
common, that a student ought to make a choice be
tween them, at least in the last year, or take a special 
post-graduate course. Different colleges would do 
well to specialize on different subjects, especially in 
their post-graduate courses, which should then be 
directed by specialists. 

Having decided on any one particular vocational 
training, the choice of the particular subjects to study 
should be decided solely and only on the ground of 
utility. In an electrical engineering course for in
stance there is so much more to learn than could pos
sibly be crammed into four years, especially when there 
is an excessive and time robbing indulgence in athletics, 
that the student is deprived of much useful instruction 
and training if he has to devote a lot of this valuable 
time to such things as the dead languages, bible history, 
literature, etc. The proper use of the English language 
should have been taught in the preparatory schools. 

The subsequent failures of college trained men have 
frequently been due to a mistake in the selection of 
their course in college. Other conditions being equal, 
the best choice is unquestionably the subject in which 
he is most interested. But in most cases at the time 
he has to make the choice he has no proper knowledge 
of what a particular career involves; the fact that as a 
little boy he enjoyed playing with toy electric railways 
does not, as some fond parents think, mean that he 
will make a good electric railway engineer. The writer 
has, therefore, often urged that at the time when the 
student must make a choice, a part of the regular course 
should be a few lectures describing what the various 
vocations involve, what subjects he will have to agree 
to study in each one, what the nature of the work 
will be and what the prospects are of employment, 
advancement and salaries. Such lectures would un
questionably greatly reduce the deplorable number of 
misfits and the great loss of time in later changing from 
one course to another. 

The province of a physicist is to discover and formu
late the laws of nature regarding matter and energy 
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while the province of the engineer is then to apply these 
laws for the benefit of mankind. Another definition 
of an engineer in popular terms is that he is one who 
can show how a thing can be done for one dollar that 
any fool can do for two dollars; a complementary 
definition of an administrator, or organizer, at least of 
some of them, then is that he is one who can get two 
dollars for something worth only one. In recent times, so 
many engineers have abandoned the true profession of 
engineering, that of designers and constructors, and 
have become administrators, organizers, financiers, or 
salesmen, for which positions their engineering training 
has undoubtedly helped them greatly, that these and 
many others, like the handling of labor, have recently 
often been included under engineering, a noble name to 
conjure with. Larger salaries and less interest in 
engineering, are generally the incentives for the change; 
some adminstrators can vote themselves their own 
salaries. But whether this modern use of the term 
engineering is desirable or not, it is true that an engi
neering training is of great value in such positions, and 
that, therefore, students should be told about these 
vocational possibilities and if they choose them they 
should be given a somewhat different course omitting 
certain studies and substituting others. 

In the writer's opinion, success in teaching can be 
properly measured by the interest that the teacher 
can develop in the mind of the student. There are, 
of course, some very necessary studies that are without 
any interest, and, therefore, pure drudgery, like learn
ing the multiplication tables, rules, terms, relations, 
formulas, etc, but aside from such cases of mere memo
rizing of some necessities, when a teacher cannot 
awaken the student's interest either the student is 
hopeless and should leave college, or else that teacher 
has not mastered the real art of teaching. Often have 
students told the writer how greatly they were interested 
in a certain subject, adding the significant clause that 
they liked that particular teacher, as he made it so clear; 
in the reverse case it may be the fault of either or both. 

A serious error in many colleges, which might even 
be called an educational crime, is to keep the bright and 
able students back to the level of the poorest in a class. 
It should be the duty of every teacher to give the 
brighter students every possible opportunity to advance. 
The deficient ones should either be helped to catch up 
or made to repeat the previous year's work. 

Students naturally take a delight in pointing out 
errors in what their teacher has taught them; finding 
such errors also tends to shake their confidence in 
other things he taught them, which is fatal; they also 
lose interest and respect when they find there is a 
simple, easily understood way of explaining something 
which they had been taught in a complicated, confus
ing way which was difficult to understand and hard 
to retain. It is therefore of the greatest importance 
for the teachers to be absolutely sure of the correctness 

of what they teach and to keep abreast with the 
times in their interpretations and explanations. It 
is, for instance, an intellectual crime, which might do 
much harm, to teach that a law is universal after it 
has been shown that it is not. The writer has been 
surprised to see the strong opposition of some teachers 
to modify their teachings of a year before in accord
ance with developments during that time. 

What constitutes success in a career is variously 
defined and is a matter of opinion. Some measure 
it by the ratio of the money received to the time and 
effort spent, that is, the present labor union idea of 
doing the least work for the most money. According 
to that scale one who loots a bank is at the head of 
the list of the successful; there is a wide difference of 
opinion as to what is and what is not honorable; 
when the looting is done by a teller, he is a criminal, 
but when done by the president he is an expert finan
cier. Others think that success is measured by the 
kind of service rendered or by doing something that is 
of some lasting benefit to mankind and to the world, 
such as the products of the researches of scientists, 
the discovery or development or invention of some
thing useful, or erecting great and useful structures. 
Students have their choice,, some look only for the 
dollar, others for something higher; the choice of their 
college course depends somewhat on this; many persons 
have made much money without having had a college 
course, but today the so-called self-made engineer 
who has not had a higher education and has not made 
up for it later, is hopelessly handicapped as an engineer 
in competition with those who have. 

The engineer deals with the laws of nature, which 
govern him; nature is mercilessly strict in insisting on 
their enforcement to the letter; such a training there
for, tends to develop a respect for laws, an instinctive 
effort to do only what is right and to abhor what is 
wrong. He cannot cover up his faults or ignorance as 
doctors, lawyers, financiers and ministers can, and 
he must therefore be better trained. An engineering 
training is therefore also ethical in its effect. 

SWEDISH WIRELESS STATION 
In 1920 the Swedish Government appropriated 

2,000,000 crowns for the establishment of wireless 
telegraph communication between Sweden and the 
United States. Negotiations were entered into with an 
American company, but up to March, 1921, they had 
not led to any agreement. On account of this fact 
and the general business depression, the matter was 
not presented to the 1921 Riksdag. The question 
has now been brought before the Government again 
in a note from the Telegraph Administration, with the 
intention of requesting permission to use the 2,000,000 
crowns previously appropriated in order to proceed with 
the proposition. 


